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THE LATERAL TORSIONAL BUCKLING STRENGTH OF COLD-FORMED 
STAINLESS STEEL LIPPED CHANNEL BEAMS 
by 
P.J. BREDENKAMPI, G.J. VAN DEN BERG2, P_ VAN DER MERWE3• 
ABSTRACT 
The findings of an investigation into the lateral buckling strength of cold-formed singly-
symmetric stainless steel beams are reported in this study. The singly-symmetric sections 
under consideration were lipped channel sections fabricated from a modified AISI stainless 
steel Type 409 designated 3CR12, a ferritic corrosion resisting steel. The purpose of this 
study was to compare the experimental strengths of singly-symmetric sections to the 
theoretical predictions proposed by the new ASCE Specification for the Design of Cold-
Formed Stainless Steel Structural Membersl . 
It was concluded in this investigation that the tangent modulus approach adopted in the 
design specification for stainless steelsl , compared well with the experimental results. 
GENERAL REMARKS 
Very little experimental data is available on the lateral buckling strength of cold~formed 
stainless steel beams. The 1968 edition of the Stainless Steel Cold-Formed Structural 
Design Manuae· was based on accumulated experience in the design of cold-formed carbon 
and low alloy steel structural members and work done by Johnson3 on austenitic stainless 
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steels. The findings of additional research work conducted by Wang4•5 and Errera5•6 on 
austenitic stainless steels were incorporated in the 1974 edition of the AISI design 
specification for stainless steels7• 
A considerable amount of additional design provisions were included in the 1991 ASCE 
design specification for stainless steelsl putting it on par with the 1986 as amended in 1989 
AISI cold-formed design specification for carbon and low alloy steelsB• Some of these 
additional design provisions, however, were not verified by experimental results due to lack 
of data. 
Due to the difference in the mechanical behaviour of stainless steels compared to carbon 
and low alloy steels, research on the behaviour of cold-formed stainless steel beams 
subjected to lateral torsional buckling is necessary. 
MECHANICAL PROPERTIES 
EXPERIMENTAL PROCEDURE 
Cold-rolled sheets, 1,6 mm in thickness, were used to fabricate the lipped channel sections. 
Five plate segments, 200 mm square, were cut from one end of each sheet and were used 
to determine the mechanical properties. The remainder of the sheets were used to fabricate 
the member sections. 
Uniaxial tensile and compression test specimens were prepared from the 200 mm square 
plate segments in the longitudinal direction (the direction parallel to the rolling direction) 
and the transverse direction (the direction perpendicular to the rolling direction). 
Uniaxial tensile and compression tests were carried out on the specimens generally in 
accordance with the procedures outlined by the ASTM Standard A370-779• Average strain 
was measured by two strain gauges mounted on both sides of the specimen in a full bridge 
configuration with temperature compensation. Compression test specimens were mounted 
in a specially manufactured compression test fixture which prevents buckling of the 
specimen about the minor axis. 
RESULTS OF MECHANICAL PROPERTIES 
Type 3CR12 corrosion resisting steel yields gradually under load. In order to compute the 
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initial modulus, Eo, and subsequently the proportional limit, Fp' defined as the 0,01 % offset 
strength, and the yield strength, Fy, defined as the 0,2% offset strength from experimental 
data, a computer program has been developed. This program enables the computation of 
the best fit straight line for the initial part of the stress-strain curve through a process of 
iterative linear regression. The slope of the best fit straight line is considered to be the 
initial modulus, Eo. 
The mean values of the mechanical properties given in Table 1 were used together with 
Equation 1, attributed to Ramberg and Osgood10, to produce the analytical stress-strain 
curves shown in Figure 1. 








Eo initial modulus 
Fy yield strength 
F p proportional limit 
Ey yield offset strain 
Ep proportional limit offset strain 
Since the tangent modulus approach is used to determine the lateral torsional buckling 
strength of stainless steel beams, it is necessary to determine the tangent modulus at all 
levels of stress. The tangent modulus, Et, is defined as the slope of the tangent to the stress-
strain curve at each value of stress. It is determined as the inverse of the first derivative 
of Equation 1 with respect to the stress and can be computed by using Equation 3. 
Figure 2 shows the tangent moduli, EI' as a function of stress as determined by Equation 
3 for each of the four stress-strain curves in Figure 1. 
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(3) 
LATERAL BUCKLING STRENGTH OF SINGLY-SYMMETRIC BEAMS 
PREPARATION OF MEMBERS 
Three different lipped channel sections with different dimensions for the flange widths and 
constant web depths were fabricated. The lipped channels were fabricated by cutting the 
sheets with a guillotine into strips in the longitudinal direction. The channels were cold-
formed by a press brake process to the desired dimensions. The mean dimensions of the 
lipped channels are given in Table 2. 
The dimensions of the lipped channels were chosen such that no local buckling would occur 
in the first set of beams. These sections are thus fully effective. The dimensions of the 
second set of beams were chosen such that the full unreduced section strength will be 
reached before the compression flange become effective. Thus no local buckling should 
occur in the compression flange of the lipped channel section before the full section 
strength is reached. The dimensions of the flanges of the third set of beams were chosen 
to be effective. Local buckling will thus occur in the compression flange. The webs of the 
sections were chosen to be fully effective throughout. 
The length of the sheets used were 3,0 m. For beams longer than 3,0 m additional lengths 
were welded on to both ends of the beam. These additional lengths fall outside the 
supports since the maximum distance between the supports was shorter than 3,0 m. This 
did, however, not influence the test section of the beam. 
EXPERIMENTAL SETUP AND PROCEDURE 
The experimental setup was essentially similar to the setup used by Galambosll for testing 
hot-rolled beams as shown in Figure 3. The beam is simply supported using a four point 
loading system. This is to ensure a constant moment between the two middle supports. 
At the supports the beam is free to rotate in the direction of the axis of the beam but was 
fixed for lateral rotation as well as for warping. 
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The load is applied to the beam using a hydraulic Instron actuator with a displacement rate 
of 0,5 mm/minute. The load readings were taken at 10 second intervals and loading was 
stopped when the applied load dropped to approximately 10% below the maximum recorded 
load. The readings were stored on diskette to facilitate further data processing. 
ANALYTICAL MODEL 
Apart from yielding, singly-symmetric beams may also fail in lateral torsional bucklingl2. 
Not all the section flange sizes were chosen to be fully effective. Effective flange widths 
were calculated by using the provisions for unifonnly compressed stiffened elements in the 
ASCE stainless steel design specification I. These provisions are similar to the provisions 
in the cold-fonned carbon and low alloy steel design specification8• 
For the design of singly-symmetric flexural members subjected to a constant bending 
moment over the whole section the ASCE stainless steel design specificationl specifies that 




S. elastic section modulus of the effective section 
Fy = yield strength of the material in compression 
or 
M = S (Me) 
" e Sf 
(5) 
where 
Se section modulus of the effective section at a stress Me / Sf 




Cb bending coefficient dependent on the moment gradient 
ro polar radius of gyration of the cross section about the shear centre 




Eo initial modulus of elasticity 
K.Lx = effective length for bending about the x-axis 
rx radius of gyration of the cross section about the centroidal x-axis 
E,lEo = plasticity reduction factor 
(8) 
where 
Go = initial shear modulus 
J = St. Venant torsion constant 
Cw = torsional warping constant 
K.L, = effective length for twisting 
In the design specification for cold-formed carbon steel8 the lateral torsional buckling 
strength for a singly-symmetric section is given by the same equations as discussed above 
with the exception that the plasticity reduction factor is taken as unity. For buckling in the 
inelastic stress range the SSRC approach is used to calculate the critical buckling stress. 
RESULTS 
The experimental results of the tests on the lateral torsional buckling strength for the lipped 
channel beams are given in Table 2. A comparison is made between the experimental 
lateral torsional buckling moments, Me' and the two theoretical lateral torsional buckling 
moments, using the tangent modulus concept, M" as specified in the ASCE cold-formed 
stainless steel design manual1 and the SSRC concept, Ms, as specified in the AlSI cold-
formed steel design manual8• For the sections that are not fully effective the effective 
section moduli were calculated according to the specified provisions. 
In Figures 4, 5 and 6 the experimental results are compared with the lateral torsional 
buckling moment curves using the tangent modulus approach as well as the SSRC approach. 
The Euler curve is also shown. 
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DISCUSSION OF RESULTS 
From Table 3 and Figures 4, 5 and 6 it can be seen that many of the experimental lateral 
torsional buckling moments are below the predicted buckling moments when the SSRC 
concept is used. When using the tangent modulus approach it is seen that the experimental 
buckling moments are all above the predicted buckling moments. In this case the 
coefficient of variation is also lower than the coefficient of variation using the SSRC 
approach. 
CONCLUSIONS 
It can be concluded from Table 3 and Figures 4, 5 and 6 that the experimental results of 
cold-formed singly-symmetric beams agree well with the theoretical predictions using the 
tangent modulus approach. 
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TABLE 1 Mechanical Properties of the Sheets 
Property LT TT LC TC 
Initial Elastic Modulus E. (GPa) 
Mean 195,3 232,0 202,3 232,1 
Coefficient of variation 2,Q4 6,04 2,81 4,97 
Yield Strength F y (MPa) 
Mean 277,7 315,3 295,4 326,1 
Coefficient of variation 4,64 6,97 5,05 4,53 
Proportional Limit F p (MPa) 
Mean 211,8 264,6 189,6 245,9 
Coefficient of variation 6,24 5,61 6,58 6,55 
TensDe Strength F u (MPa) 
Mean 456,5 505,0 - -
Coefficient of variation 4,91 4,51 - -
Elongation (%) 
Mean 27,4 22,4 - -
Coefficient of variation 5,60 2,21 - -
LT Longitudinal Tension 
TT Transverse Tension 
LC Longitudinal Compression 
TC Transverse Compression 
TABLE 2 Dimensions of Lipped Channels 
Dimensions Web Flange Sheet Radius Lip 
Height Width Thickness of Bend Length 
(mm) (mm) (mm) (mm) (mm) 
64x33 64,1 33,1 1,6 2,0 10,7 
64x43 65,2 43,1 1,6 2,0 10,5 
64x53 63,6 53,9 1,6 2,0 10,4 
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TABLE 3 Experimental and Analytical Beam Strengths 
Beam Beam Flange Me Mt M, Me Me 
Length No Width 
- -
(mm) (mm) (kNm) (kNm) (kNm) Mt M, 
1000 1 34,0 1,441 1,293 1,325 1,114 1,088 
1600 2 32,8 1,200 1,087 1,262 1,104 0,951 
1900 3 33,2 1,026 1,026 1,230 1,000 0,834 
2200 4 32,6 1,089 0,925 1,135 1,177 0,959 
2400 5 32,7 1,007 0,885 1,094 1,138 0,920 
1500 6 43,2 1,620 1,481 1,575 1,094 1,029 
1900 7 43,1 1,591 1,407 1,575 1,131 1,010 
2300 8 43,3 1,441 1,273 1,482 1,132 0,972 
2600 9 42,8 1,323 1,185 1,424 1,116 0,929 
2800 10 43,0 1,437 1,122 1,347 1,281 1,067 
1900 11 53,6 1,726 1,476 1,600 1,169 1,079 
2300 12 54,5 1,730 1,455 1,575 1,189 1,098 
2600 13 53,5 1,629 1,366 1,507 1,193 1,081 
Mean 1,141 1,001 
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